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$V=V(x, t)\in \mathbb{R}^{3\text{ }}P=P(x, t)\in \mathbb{R}$ $3$ Navier-Stokes
(2.1) $\partial_{t}V-\nu\triangle V+(V, \nabla)V+\frac{1}{\rho}\nabla P=0$ , $\nabla\cdot V=0$ ,
$\nu>0$ $\rho$ ( ) $\Delta=\Sigma_{i=1}^{3}\partial_{x_{i^{\text{ }}}}^{2}$
$\nabla=(\partial_{x_{1}},\partial_{x_{2}},\partial_{x}3)^{T}$ $v$
(2.2) $V=V^{s}+U$.
$V^{s}$ (2.3) straining flow $U$
( )
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(2.3) $V^{s}(x)= \gamma(-\frac{x_{1}}{2}, -\frac{x_{2}}{2},x_{3})^{T}=\gamma Mx$ .
$\gamma>0$ straining flow $M$
$M=$ $(-A00$ $- \frac{1}{2}00$ $001)$ .
$V^{s}$ $P^{s}(x)=- \frac{1}{2}\rho\gamma^{2}(\lrcornerarrow 4+x_{3}^{2})$ Navier-
Stokes (2.1)




(2.4) $\partial_{t}\Omega-L\Omega+(U,\nabla)\Omega-(\Omega,\nabla)U=0$ , $\nabla\cdot\Omega=0$ .
$L$
(2.5) $L\Omega=\Delta\Omega-(Mx,\nabla)\Omega+M\Omega$ .
$U$ 3 Biot-Savart $\Omega$
(2.6) $U(x,t)=(K_{3D}* \Omega)(x,t)=-\frac{1}{4\pi}\int_{\mathbb{R}^{3}}\frac{(x-y)\cross\Omega(y,t)}{|x-y|^{3}}dy$ .
$U$ 2 $U(x, t)=(U_{1}(x_{h}, t), U_{2}(x_{h}, t), 0)^{T}$ ,
$x_{h}=(x_{1},$ $x_{2})^{T}\in \mathbb{R}^{2}$ $\Omega(x,$ $t)=(O,$ $0,$ $\Omega_{3}(x_{h},$ $t))^{T}$
(2.6) 2 Biot-Savart
(2.7) $U_{h}(x_{h}, t)=(K_{2D}* \Omega_{3})(x_{h}, t)=\frac{1}{2\pi}\int_{\mathbb{R}^{2}}\frac{(x_{h}-y_{h})^{\perp}}{|x_{h}-y_{h}|^{2}}\Omega_{3}(y_{h}, t)dy_{h}$ .
$U_{h}=(U_{1}, U_{2})^{T},$ $x_{h}^{\perp}=(-x_{2}, x_{1})^{T}$ $G$
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(2.8) $G(x)=(0,0,g(x_{h}))^{T}$ , $g(x_{h})= \frac{1}{4\pi}e^{-|x_{h}|^{2}’ 4}$
$\{\alpha G\}_{\alpha\in \mathbb{R}}$ (2.4)
$G$ $U^{G}$
(2.9) $U^{G}(x)=u^{g}(|x_{h}|^{2})(-x_{2}, x_{1},0)^{T}$ , $u^{g}(r)= \frac{1}{2\pi r}(1-e^{-\frac{r}{4}})$
$\alpha G$ ( $\alpha$ ) Burgers [1]
$\alpha G$









. $\Omega_{0}=(\Omega_{0,1}, \Omega_{0_{2}2}, \Omega_{0_{J}3})^{T}$ (2.4) $\Omega$
$\alpha=\int_{\mathbb{R}^{2}}\Omega_{0,3}(x_{h}, x_{3})dx_{h}$
$\Omega$ $\alpha G$ $\omega=\Omega-\alpha G$
$0$
$\omega$ $\alpha$ $\int_{\mathbb{R}^{2}}\omega_{3}(x_{h}, x_{3}, t)dx_{h}=0$
Burgers 2
A. $\omega$ 2 (2 )







$\omega=\Omega-\alpha G$ 2 $\omega=(0,0, \omega_{3}(x_{h}, t))^{T}$
(2.4) $\omega_{3}$
$(3.1)\{\partial_{t}\omega_{3}-(\mathcal{L}_{h}-\alpha\Lambda_{h})\omega_{3}$
$=-(K_{2D}*\omega_{3},\nabla_{h})\omega_{3)}$ $x_{h}=(x_{1},x_{2})\in \mathbb{R}^{2}$ , $>0$
$\int_{\mathbb{R}^{2}}\omega(x_{h},t)dx_{h}$ $=0$ , $t\geq 0$ .
$\mathcal{L}_{h}$ $\Lambda_{h}$
(3.2) $\mathcal{L}_{h}$ $=$ $\Delta_{h}+\frac{x_{h}}{2}\cdot\nabla_{h}+1=\sum_{j=1}^{2}\partial_{x_{j}}^{2}+\sum_{j=1}^{2}\frac{x_{j}}{2}\partial_{x_{j}}+1$,
(3.3) $\Lambda_{h}\omega_{3}$ $=$ $(K_{2D}*g,\nabla_{h})\omega_{3}+(K_{2D}*\omega_{3},\nabla_{h})g$ .
2 $\omega_{3}$
3.1 $([11L[2],$ $[10],$ $[6],$ $[7])$ . $\omega_{0.3}$ $\mathbb{R}^{2}$ $\int_{\mathbb{R}^{2}}\omega_{0_{2}3}(x_{h})dx_{h}=$
$0$ (3.1) $\omega_{3}$














(3.5) $\partial_{t}\Omega_{3}-\mathcal{L}_{h}\Omega_{3}+(K_{2D}*\Omega_{3},\nabla_{h})\Omega_{3}=0$ , $x_{h}\in \mathbb{R}^{2}$ , $t>0$ ,
[7] $H$ (3.5)
(3.6) $H(f)= \int_{R^{2}}f(x_{h})\log(\frac{f(x_{h})}{g(x_{h})})dx_{h}$ .
$g$ (2.8) 2
3.1 ([7]). $\Omega_{3}$ (3.5)













$\nabla\cdot\omega(t)$ $=0$ , $x\in \mathbb{R}^{3}$ , $>0$ ,
$\omega|_{t=0}$ $=\omega_{0}$ ,
A











(4.4) . $L^{2}(m)$ $=$ $\{f\in L^{2}(\mathbb{R}^{2})|\int_{\mathbb{R}^{2}}|f(x_{\text{ }})|^{2}\rho_{m}(|x_{h}|^{2})dx_{h}<\infty\}$
(4.5) $L_{0}^{2}(m)$ $=$ $\{f\in L^{2}(m)|\int_{\mathbb{R}^{2}}f(x_{h})dx_{h}=0\}$ .
$\mathbb{R}^{3}$ $X(m)$ $X_{0}(m)$
(4.6) $X(m)=\{\phi(x_{h}, x_{3})|$ $\phi(\cdot, x_{3})\in L^{2}(m)$ for all $x_{3}\in \mathbb{R}$ ,
11 $\phi\Vert_{X(m)}=\sup_{3x\in \mathbb{R}}(\int_{\mathbb{R}^{2}}|\phi(x_{h}, x_{3})|^{2}\rho_{m}(|x_{h}|^{2})dx_{h})^{\frac{1}{2}}<\infty\}$ ,
(4.7) $X_{0}(m)= \{\phi\in X(m)|\int_{\mathbb{R}^{2}}\phi(x_{h}, x_{3})dx_{h}=0$ for all $x_{3}\in \mathbb{R}\}$ .
$\omega$ $X(m)\cross X(m)\cross$
$X_{0}(m)$ $\omega=(\omega_{1}, \omega_{2},\omega_{3})^{T}\in X(m)\cross X(m)\cross X_{0}(m)$
$X(m)$ $X(m)$ $x_{3}$
$X(m)\cross X(m)\cross X_{0}(m)$ 2
$\omega$ $\omega_{3}$ $X(m)$ $X_{0}(m)$
Burgers $\omega$
$\int_{\mathbb{R}^{2}}\omega_{3}(x_{h}, x_{3}, t)dx_{h}=0$
(4.8) $\mathbb{X}(m)=X(m)\cross X(m)\cross X_{0}(m)$
4.1. $m>2_{f}\alpha\in \mathbb{R}$ $\omega_{0}\in \mathbb{X}(m)$
(4. 1) $\omega$ $\omega$
$\mathbb{X}(m)$ $0$
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(4.9) $\Vert\omega(\cdot,t)\Vert_{X(m)}\leq C\Vert\omega_{0}\Vert_{X(m)}e^{-\frac{t}{2}},$ $t>0$ .
$C>0$ $\alpha$ $m$





4.1 $|\alpha|$ [8] $|\alpha|$
[5] (2.4)
(4.10) $\{\begin{array}{l}\partial_{t}\omega-(L-\alpha\Lambda)\omega =0, x\in \mathbb{R}^{3}, t>0\omega|_{t=0} =\omega_{0}\in \mathbb{X}(m)\end{array}$
$|\alpha|$
4.1. Analysis of $L-\alpha\Lambda$ for small $|\alpha|$ . $|\alpha|\ll 1$ 4.1
[8]
(4.11) $\mathcal{L}_{h}$ $=$ $\Delta_{h}+\frac{x_{h}}{2}\cdot\nabla_{h}+1=\sum_{j=1}^{2}\partial_{x_{j}}^{2}+\sum_{j=1}^{2}\frac{x_{j}}{2}\partial_{x_{j}}+1$,
(4.12) $\mathcal{L}_{3}$ $=$ $\partial_{x_{3}^{-x_{3}\partial_{x}}3}^{2}$ ,
$L\omega=\Delta\omega-(Mx, \nabla)\omega+M\omega$




(4.13) $e^{t\mathcal{L}_{h}} \phi=\frac{1}{4\pi a(t)}\int_{\mathbb{R}^{2}}e^{-\frac{|x_{h}-y_{h}e^{-t}2|^{2}}{4a(t)}}\phi(y_{h})dy_{h}$, $a(t)=1-e^{-t}$ ,
(4.14) $e^{t\mathcal{L}_{3}} \phi=\frac{1}{\sqrt{2\pi b(t)}}\int_{\mathbb{R}}e^{-\frac{|x_{3}e^{-l}-y_{3}|^{2}}{2b(t)}}\phi(y_{3})dy_{3}$ , $b(t)=1-e^{-2t}$
$L_{3}$
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(4.15) $e^{tL_{3}} \phi=\frac{1}{\sqrt{2\pi b(t)}}\int_{\mathbb{R}}e^{-\frac{|x3e^{-l}-y_{3}|^{2}}{2b(t)}}(e^{t\mathcal{L}_{h}}\phi(\cdot,y_{3}))(x_{h})dy_{3}$,
$L$
(4.16) $e^{tL}\omega_{0}=(e^{-\frac{3}{2}t}e^{tL_{3}}\omega_{0,1}, e^{-\frac{3}{2}t}e^{tL_{3}}\omega_{0_{2}2}, e^{tL_{3}}\omega_{0,3})^{T}$
$\mathcal{L}_{h}$ $L^{2}(m)$ $L_{0}^{2}(m)$ $m>2$
$\sigma(\mathcal{L}_{h})\subset\{\lambda\in \mathbb{C}|{\rm Re}\lambda\leq 0\}$ in $L^{2}(m)$ ,
$\sigma(\mathcal{L}_{h})\subset\{\lambda\in \mathbb{C}|{\rm Re}\lambda\leq-\frac{1}{2}\}$ in $L_{0}^{2}(m)$
$e^{t\mathcal{L}_{h}}$ ( [6])
(4.13)-(4.16) $L$ $\mathbb{X}(m)$
(4.17) $\sigma(L)\subset\{\lambda\in \mathbb{C}|{\rm Re}\lambda\leq-\frac{1}{2}\}$ $in$ $X(m)$ , $m>2$ ,
A $|\alpha|$
$L-\alpha\Lambda$
(4.18) $\sigma(L-\alpha\Lambda)\subset\{\lambda\in \mathbb{C}|{\rm Re}\lambda<0\}$ in $\mathbb{X}(m)$ , $m>2$ , $|\alpha|\ll 1$







(419) $[\partial_{x_{3}}, L]=\partial_{x_{3}}L-L\partial_{\tau_{3}}=-\partial_{x}3$ ’
(4.20) $[\partial_{x}3\Lambda]=0$ ,
$\partial_{x_{3}}^{k}e^{t(L-\alpha\Lambda)}=e^{-kt}e^{t(L-\alpha\Lambda)}\partial_{x_{3}}^{k}$






































$\Vert e^{t(L_{2D,\alpha}+\mathcal{L}_{3})}f\Vert_{X(m)}\leq Ce^{-\frac{t}{2}}\Vert f\Vert_{\mathbb{X}(m)}$, $t>0$ ,








$\Vert Nf\Vert_{X(m)}\leq C\Vert\partial_{x}3f\Vert_{X(m)}$ ,
4.1 42 $($4.24)
$\Vert\alpha\int_{0}^{t}e^{(t-s)(L_{2D,\alpha}+\mathcal{L}_{3})}Ne^{s(L-\alpha\Lambda)}ds\Vert_{X(m)arrow \mathbb{X}(m)}$
$\leq$ $| \alpha|\int_{0}^{t}\Vert e^{(t-s)(L_{2D_{2}\alpha}+\mathcal{L}_{3})}Ne^{s(L-\alpha\Lambda)}\Vert_{X(m)arrow X(m)}ds$
$\leq$ $C| \alpha|\int_{0}^{t}e^{-\frac{t-\epsilon}{2}}\Vert Ne^{s(L-\alpha\Lambda)}\Vert_{X(m)arrow X(m)}ds$
$\leq$ $C| \alpha|\int_{0}^{t}e^{-\frac{t-\epsilon}{2}}\Vert\partial_{x_{3}}e^{s(L-\alpha\Lambda)}||_{X(m)arrow X(m)}ds$ ,
$L-\alpha\Lambda$
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